Abstract Extensive agricultural, residential, and industrial activities have increased demand for water supplies, which can lead to groundwater quality degradation. The integration of geochemical methods, multivariate statistical analysis, and geostatistical approaches were carried out on 169 groundwater samples to elucidate the regional factors and processes that influencing the geochemical composition of groundwater in coastal shallow aquifer of Terengganu, Malaysia. Hydrochemical modelling revealed that the abundance of Ca and Mg was contributed by carbonate and silicate weathering while higher HCO 3 and Cl were resulted from reverse ion exchange reaction. Therefore, the dominant hydrogeochemical facies of groundwater was Ca-Mg-HCO 3 -Cl type. The influence of salinization resulting from seawater mixing to the groundwater was corroborated by Cl/HCO 3 ratio, which affected around 50.9% of the groundwater samples slightly or moderately. Spatial mapping using ordinary kriging found that the threat of sea water intrusion is more prominent in the major river confluence especially around Terengganu and Marang River in the northeast and Dungun and Kemaman River confluence in southeast of study area. Moreover, factor analyses concluded that salinization, anthropogenic activities, reverse ion exchange, weathering processes, agricultural impact, and seasonal variations were the factors that regulate 63% of the major ion chemistry in study area. Finally, these findings showed the importance of understanding the hydrochemical characteristics for effective utilization, aquifer protection, and prediction of changes to minimize the effects of salinization and reduce human pollution such as agriculture and urbanization. It is essential steps in order to safeguard the utilization of groundwater resources for future generations.
Introduction
Groundwater quality is controlled by environmental and anthropogenic factors such as its geological setting, precipitation, interaction between groundwater and aquifer, and human activities (Devic et al., 2014) . The reactions between groundwater and surrounding dissolved mineral will manifest on water quality (Prasanna et al. 2010; Reddy and Kumar 2010) . Rapid urban population growth in Terengganu at 59.1% from 2000 to 2010 which concentrated mainly along the coastal areas (DOSM, 2010) has resulted in higher water consumption for domestic and drinking purposes. The demand for water consumption was projected to rise in future as shown by comparison of water consumption in 2013 and 2014 which stand at 413 million liter per day and 417 million liter per day, respectively (SPAN 2016) . Groundwater has the potential to fulfill the increasing need as a conjunctive water source as it is found abundant and easily accessible. The volume of groundwater in the aquifers throughout Malaysia is estimated at 5000 billion m 3 (Azuhan 1999) . In neighboring state of Kelantan, groundwater fulfilled about 70% of the public water supply of the state (Razak 2009 ) while in Terengganu, groundwater usage is still limited as supplementary domestic use in small islands, agriculture farms, and some educational campuses (Hamzah and Ismail 2012) . However, coastal aquifers are vulnerable to salinization which is the prevalent pollution threat in groundwater aquifers (Kura et al. 2014 ). Higher abstraction rate or over-pumping to meet increasing demand would lead aquifers facing additional threat from seawater intrusion. The affected groundwater would constitute high levels of sodium (Na), chloride (Cl), and TDS, which indicate salt water intrusion (Gurunadha Rao et al. 2013 ) thus could limit the groundwater usage (Batayneh and Al-Taani 2015) . Mitigation and remediation of coastal aquifer that had been encroached by sea water intrusion is exorbitantly expensive (Wetzelhuetter 2013) , thus emphasize the necessities of studying the interaction of groundwater and saline water/seawater (Mondal et al. 2010 ) especially in Terengganu. Salinization of groundwater aquifers could be caused by the combination of diverse processes (Sheikhy Narany et al. 2014) . Therefore, an organized study of groundwater properties and ionic concentrations should be undertaken in order to identify the source of salinity and geochemical processes that occurred in the aquifer system. Since the groundwater become more important as water resources for future generations, understanding of groundwater properties and hydrochemical characteristics of groundwater is essential for effective in utilization and aquifer protection and to predict changes in groundwater environments (Wang 2013) .
Geochemical modelling development and using graphical methods for the interpretation of water quality indices (Ravikumar et al. 2013; Singaraja et al. 2014) have been adopted by several researchers for elucidating the groundwater chemistry (Glynn and Plummer 2005; Kuldip-singh et al. 2011; Singh et al. 2012; Gimenez-Forcada and Vega-Alegre 2015) . Recent development has seen combined approach using multivariate statistical techniques, PHREEQC software (Parkhurst and Appelo, 1999) and Geographical Information System (GIS) to reveal essential information of hydrogeochemical data in complex system Swarna Latha and Nageswara Rao 2012; Kura et al. 2014 ). The integrated techniques were useful to distinguish and discover the diverse physiochemical processes of groundwater in complex aquifer. Hydrogeochemical and statistical analyses were employed to examine the groundwater properties in the study area. GIS application postulates the characteristics of physiochemical variables in given area, as well as the spatial distribution on thematic maps (Triki et al. 2013; Uyan and Cay 2013) . The representation of Na/Cl, Mg/Ca, and Cl/HCO 3 ratios together with EC using GIS method is an effort to comprehend the groundwater quality thru distribution maps (Kura et al. 2014; Sheikhy Narany et al. 2014) . Groundwater sustainable development in coastal aquifers greatly relied on the hydrogeochemical evolution research. Nevertheless, limited research had been conducted concerning hydrochemical characteristics of shallow coastal aquifer in Terengganu. This study emphasized on major hydrogeochemical characteristics of groundwater chemistry in Terengganu and its spatial distribution overview using GIS.
Study area
The study area is located in the state of Terengganu, in the eastern part of Peninsular Malaysia (Fig. 1a) and covers an area of 2082 km 2 . About 44% of land area are still covered by tropical forest while agriculture utilized another 21% of land area. The main agricultural activities are palm oil plantation, rubber trees, fruit trees, tobaccos, and paddy cultivation. The mean annual precipitation is about 2900 mm with tropical climate (Fig. 2) . The average minimum temperature is from 22°C to a maximum of 34°C.
The plain is underlain by sediments of Quaternary age, which formed the alluvial plain over granitic bedrock. Marine clay sediment enveloped areas along the coast and is surrounded by peat, humic clay, and silt sediments. Alternating layers of silt to coarse gravels dominated the sediments further inland. The undulating lower land was underlain by metasedimentary rocks from Carboniferous to Permian age that had endured low-to medium-grade metamorphism. Lithologically, it consists mainly of interbedded argillite, arenite, minor limestone, volcanic rocks, and conglomerates which covers about 44% of the land area and prevalent in northern and southern part (Gobbett et al. 1973; Hadi and Fadzali 2006) . The Carboniferous sedimentary rocks in the study area generally consist of interbedded arenaceous and argillaceous rocks. The arenaceous type primarily composed of sandstone, meta-sandstone with minor amounts of shale, slate, and minor beds of hornfels while the argillaceous type mostly consists of shale, slate, mudstone, siltstone with minor amounts of sandstone, and meta-sandstone. Meanwhile, sedimentary rocks of Permian age predominantly consist of phyllite, slate, and shale with minor schist and occupied the interior area with a north-south direction. The Cretaceous to Jurassic sedimentary rocks are of continental origin and occurred in the northern part of study area and generally comprise of thick, cross-bedded sandstone with minor conglomerate, shale, or mudstone. The volcanic activities during Carboniferous to Triassic created volcanic rock with intermediate composition which varies from rhyolite to dacite. These volcanic rocks which consist of lavas, tuff, and agglomerates outcropped as small band and sometimes widespread in northern and central part of study area. The highland in the western part of study area had been shaped by intrusion of granitic rocks during Late Triassic era. These granitic rocks formed batholiths and isolated granitoid hills exceeding 1000 m above sea level (Fig. 1b) and largely aligned in a north-south direction. These light gray to dark gray granitoids primarily comprised of biotite granite, granodiorite, and syenite and usually were intruded by dykes, small dolerite, diorite, and gabbro (MGD, 2003) . Groundwater in the study area is mostly contained by unconfined aquifer (Kura et al. 2015) . The thickness of alluvial deposits changes from less than 10 m for the coastal and to around 125 m (Kadri et al. 2010) for the alluvium in the west part of the plain (Fig. 2b) . The monitoring wells in the study area were drilled at various depths from 5.0 to 54.0 m. The groundwater level in the study region ranges from 0.3 m above the ground to 7.40 m below the ground level ( Fig. 3a) with an average of 1.69 m below ground level (Hamzah and Ismail 2013) . Four major river systems feeding the study area are namely the Terengganu, Marang, Dungun and Kemaman Rivers and their tributaries, which originate in the western part of the study area. Groundwater mainly flows from the recharge zone (Boundary Range) in the west to the discharge area (South China Sea) in the east part of the study area. Kenyir Lake was created as a result from the construction of the hydroelectric power dam upstream of Terengganu River which has a catchment area approximately 1500 km 2 (Sultan 2012) . Presently, 16,000 m 3 per day of groundwater (Razak 2009 ) served as conjunctive domestic water supply in Marang, Kuala Terengganu, and Kemaman while in the Dungun district, it is utilized mainly for agricultural purposes.
Methodology
A total of 169 groundawater samples from 29 groundwater monitoring wells were collected over 8-year period from the year 2006 to 2014. The location of groundwater monitoring well is showed in Fig. 2 . The data set is obtained from Minerals and Geoscience Information System (MINGEOSIS), an in-house geospatial and textural database of Minerals and Geoscience Department. The picked groundwater quality parameters incorporates Ca, Mg, Na, K, NH 4 , carbonate (CO 3 ), bicarbonate (HCO 3 ), chloride (Cl), SO 4 , NO 3 , F, P, SiO2, and heavy metals (Al, Fe, Mn, Zn, Sr, and Ba). The department followed rigorous procedures in collecting groundwater samples in each site. The groundwater wells were pumped out for 1 h to purge stagnant or polluted water before water samples were collected in new 1-and 2-L HDPE bottles. The bottles have to be rinsed three or four times with the water sample before filling it to capacity and then labeled accordingly. The samples were measured for in situ parameters using WTW pH 315i probe for pH and temperature. WTW Cond. 315i probe was used for measuring electrical conductivity (EC) and total dissolved solids (TDS). The pH meter was calibrated with a Fig. 3 a Groundwater table. b Schematic monitoring groundwater well log in the study area (Hamzah & Ismail, 2013) reference buffer solution of pH 4 before the each measurement. The bottled samples were kept at 4°C before being transported to laboratory. The major cations and anions (Ca, Mg, Na, K, NH 4 , carbonate (CO 3 ), bicarbonate (HCO 3 ), chloride (Cl), SO 4 , NO 3 , F, P, and SiO 2 ) and heavy metals (Al, Fe, Mn, Zn, Sr, and Ba) were determined using Inductively Coupled Plasma Optical Emission Spectrometer (Perkin-Elmer ICP-OES Optima 5300 DV, Massachusetts, USA). The result's accuracy was checked with ion balance errors ranged within ±5%.
Statistical analysis
Multivariate statistical analyses were beneficial in acquiring important information from hydrochemical data in complex system. Piper and Gibbs diagrams were used to graphically clarify the groundwater facies of shallow aquifer in Terengganu. Descriptive statistics, Pearson's correlation analysis, and factor analysis (FA), which are part of multivariate statistical methods, were employed as quantitative and independent methods of grouping the groundwater samples and correlation of its chemical variables. Normal distributed data were required by multivariate statistical analysis. Most chemical variables are positively skewed except for temperature which was negatively skewed. The data varied between −1 and +3. Normal distribution was showed by values between −2 and +2 (Retnam et al. 2013) . Na, SO 4 , NO 3 , Fe, and Sr were not found to be normally distributed (Table 1) . Log transformation was employed on the groundwater data to make it normally distributed. All parameters were standardized prior to analyses by subtracting the mean value and then followed by dividing it using the standard deviation of parameters (Zhou et al. 2012 ). Pearson's correlation analysis (Mustapha and Aris 2012b) was utilized to assign the degree of association between two variables with values from −1 to +1. Values equal to +1 denoted strong positive correlation, while values equal to −1 indicate strong negative correlation and values equal to 0 represent no linear correlation.
Identification of salinization zones
Spatial distribution of Ca/Mg, Cl/HCO 3 , Na/Cl ionic ratios, and EC were explored by utilizing the integrated method of geographical information system (GIS) and geostatistical technique. Ordinary kriging method was applied to obtain the spatial distribution maps of ionic ratios and EC (Arslan and Demir 2013) . Ordinary kriging is an optimized method for linear interpolation with least square error of the unsampled location based on the following equation (Yimit et al. 2011) :
Where Z*(x 0 ) equal to the estimated value at location x 0 , n is the number of the points, Z(x i ) is the known value at location x i , and i is the kriging weight. Semivariogram is the vital geostatistical tool in developing the spatial autocorrelation for regionalized variables. It computes the average scale of dissimilarity between unsampled location and the adjacent data values (Deutsch 1998) . Value of experimental variogram for a distance, h, is half of average squared difference between the value at Z(x i ) and the value at Z(x i + ℎ) (Kambhammettu et al. 2011 ):
where n(ℎ) is equal to amount of data pairs in specified group of distance and direction. Cross-validation is the method used to chose the best fit among experimental and alternative semivariogram models. Accurate prediction is provided by calculating the nugget/sill ratio and root-mean square error (RMSS). Based on Table 2 , the circular model was chosen as the fitted model for both Cl/HCO 3 ratio and EC. Meanwhile, spherical and stable variograms were the best fitted model for Ca/Mg and Na/Cl ratios, respectively. The nugget/sill ratio of EC which is less 25% implicated it has strong spatial dependence while for Ca/Mg ratio, its nugget/sill ratio of 33% indicated of moderate spatial dependence (Yimit et al. 2011; Sheikhy Narany et al. 2014 ). However, the nugget/sill ratio for both Na/Cl and Cl/ HCO 3 ratios suggested it has weak spatial dependence. The RMSS values have ranges close into 1, implying a good fitting of prediction variability (Stamatis et al. 2011; Uyan and Cay 2013) (Table 3) .
Results and discussion
The groundwater samples were dominated by HCO 3 with abundance order of HCO 3 > Cl > SO 4 > NO 3 . Meanwhile, their cationic composition were dominated by Ca and Mg respectively with abundance order of Ca > Mg > Na > K.
Hydrogeochemical facies
The Piper diagram is mainly used to characterize the facies of groundwater (Prasanna et al., 2010; Rekha et al., 2013; Islam et al., 2016) thus helping in understanding the numerous geochemical processes that groundwater endured along its flowpath. The elucidation of disctinct facies on the diamond-shaped anion to cation graph using 0-10 to 90-100% domains are more useful than using 25% increments (Rekha et al., 2013) . Based on facies classification as shown in Fig. 4, 59 .76% of the groundwater samples were of HCO 3 type while 46.75% of samples were in Na + K type, followed by 26.04% of samples were of Ca type and another 15.98% of samples in Cl type (Fig. 4) . Mixed type samples represented by 27.22% of samples in cation category and 22.49% of samples in anion category could imply the natural recharge from river, rain source, or due to rock-water interaction that took place in the aquifers. The high representation of water samples that fell in HCO 3 facies could suggest silicate dissolution while high Na + K water types could imply that the coastal area is demarcated with seawater intrusion. The plot also showed that alkaline earths (Ca + Mg) exceed the alkalis (Na + K) with 55.63% of samples, and weak acids (CO 3 + HCO 3 ) exceed strong acids (SO 4 + Cl) with 54.44% of samples. The high concentration of alkaline earth ions present in the water may i n f l u e n c e d i s s o l u t i o n of si l i c a t e m i n e r a l s i n t o groundwater.
Correlation of major ions
As the study area is located in tropical region which received heavy rainfall, groundwater was found to be acidic with pH values varying from minimum of 4.11 to a maximum of 9.86 with an average value of 6.98 (Table 1) . The acidic nature of the groundwater was caused by rainwater reaction with carbon dioxide in the atmosphere as explained by equation below:
which produced carbonate acid in the water and could be break down into HCO 3 − and H + as explained by the equation below:
Groundwater's Ca/Mg molar ratio could elucidate the dissolution calcite and dolomite (Pu et al. 2012; Bob et al. 2014) . Dissolution of dolomite rocks occurred when Ca/Mg ratio equal to 1. Calcite may contribute more to the dissolution when Ca/Mg ratio >1. Ca/Mg ratio higher than 2 suggests the dissolution of silicate minerals into groundwater (Mayo Belkhiri et al. 2012; Sheikhy Narany et al. 2014) . A total of 38 samples (22.5%) of the groundwater samples had its Ca/Mg ratio between 1 and 2, indicating the dissolution of calcite (Fig. 5a ). The majority of samples (73.4%) had a higher ratio than 2 which revealed the effect of silicate minerals dissolution (Fig. 5a ) that provide more calcium into groundwater. The remaining 4% of samples were indicative of the dissolution of dolomite as their Ca/Mg were Fig. 5 Distribution of ionic ratios a Ca/Mg, b Ca + Mg/HCO 3 + SO 4 , c Ca + Mg/Cl, and d Na/Cl versus EC, e Cl/HCO 3 versus Cl and f Na/Cl in groundwater samples from the study area <1 in the recharge area. Spatially, the Ca/Mg ratio increased from the center area towards the northeast and southeast part of the study area, especially around Chukai town (Fig. 6(a) ). Carbonate minerals dissolution could be exemplified using the following equations (Umar Kura et al., 2013) :
Dissolution is a common and important weathering reaction and could influence hydrological properties in groundwater system especially in carbonate rocks (Glynn & Plummer 2005; Aris et al. 2009; Reddy and Kumar 2010) . The Ca/HCO 3 ratio required for a dissolution to occur is 1:2 and for Ca + Mg/HCO 3 , the ratio needed is equivalent to 1:1 (Han et al. 2013; Sheikhy Narany et al. 2014 ). The mean value for Ca/HCO 3 ratio was 1.93, which proximate to 1:2 ratio as required, thus represented the significant influence of carbonate dissolution in the groundwater system in the study area. Meanwhile, the Ca + Mg/HCO 3 mean ratio was 1.31, which higher than 1:1 needed, signifies that around 44% of the bicarbonate is associated to calcium and magnesium. About 56% of samples showed lower value of Ca + Mg/HCO 3 value, which indicated that HCO 3 was contributed by other sources such as silicate weathering in the study area. The higher value of Ca + Mg/HCO 3 ratio exhibited by 25% of samples represented excess Ca and Mg which were equalized by Cl and SO 4 . The plot of Ca + Mg versus HCO 3 + SO 4 should concentrate along the 1:1 line if Ca, Mg, SO 4 , and Mg are originated from the dissolution of calcite, dolomite, and gypsum. If the data points more incline to the right due to abundance of SO 4 + HCO 3 , it suggested ion exchange as dominant process. Ion exchange could explain as follows:
A reverse ion exchange would take place when the points more concentrated above the median line as active reaction for excess Ca + Mg over SO 4 + HCO 3 . It could be represented using equation below:
The average ratio of Ca + Mg/HCO 3 + SO 4 in the study area was 1.43. Majority of the samples (86.4%) were concentrated close to 1:1 line, representing that abundance of Ca and Mg in the groundwater was resulted by dissolution of calcite, dolomite, and gypsum (Fig. 5b) . Besides, around 14.8% of the samples were plotted above the median line, indicating that reverse ion exchange was the another process, which leads to higher Ca and Mg in the groundwater system.
Plots of Ca + Mg versus Cl and Na/Cl versus EC (Fig. 5c,  d ) visibly showed that salinity rise with an increase in Ca + Mg, which may be resulted by reverse ion exchange in clay/weathered layer (Rao et al. 2013; Sheikhy Narany et al. 2014) . Excess sodium may be adsorb by aquifer matrix in substitute for bound Ca and Mg (Sheikhy Narany et al. 2014). Spatially, Na and Cl were more dominant in the northern part of the study area which could be related to the weathering of silicate rocks and/or seawater intrusion.
The influence of salinization resulting from seawater mixing to the groundwater could be illustrated by Cl/HCO 3 ratio (Arslan and Demir 2013; Kura et al. 2013) . The ratio of Cl/HCO 3 versus Cl ranged from 0.01 to 44.75. About 83 samples or 49.1% of groundwater samples displayed a lower than 0.5 of Cl/HCO 3 ratio, which indicate that groundwater was unaltered or freshwater (Tirumalesh et al. 2010; Sheikhy Narany et al. 2014) . Majority of samples (50.9%) have Cl/ HCO 3 ratios ranged from 0.5 to 6.9, which indicated the groundwater was slightly or moderately affected by salinization. The spatial distribution map of Cl/HCO 3 ratio indicated that the unaffected or freshwater mostly covered the southern part of the study area especially in the interior part of the Kemaman district. Nevertheless, saline influenced groundwater occupied the majority of the study area which probably intruded by sea water. Higher ratio of saline influenced groundwater concentrated mainly around Marang and Dungun River confluence (Fig. 6b) .
The processes that regulated the salinity and saline intrusion in the study area could be identified using the relationship between Na-Cl ions (Li et al. 2016) . Sodium concentration could be originated from diverse reaction in the groundwater (Reddy and Kumar 2010; Bob et al. 2014) . Molar ratio of Na/Cl in the study area averaged 1.47, which indicated higher values of Na over Cl values (Fig. 5f ). About more than half of the samples (55.6%) displayed Na/Cl ratio equal or greater than 1, which implied sodium, which had been produced from the silicate weathering process. Silicate weathering is the result from the interaction between feldspar minerals and carbonic acid in the groundwater, identified by higher HCO 3 values in the study area (Rao et al. 2013) . Halite dissolution may be responsible for sodium concentration in groundwater samples when the Na/ Cl ratio being equal to 1 (Bob et al. 2014) . Spatial distribution map of Na/Cl indicated that majority of study area were covered by ratio greater than 1.5, which suggested that silicate weathering played a major role as the source of sodium (Fig. 6c) . This was further supported as the ratio of Na/Cl versus EC was plotted; Na/Cl exhibited a decreasing trend as EC increased along with higher Na/Cl ratio, which signified that Na derived from the silicate weathering process. The plot of Na/Cl versus EC for the groundwater samples (Fig. 5d) shows that the samples have almost constant Na/Cl ratio when EC increases, thereby also indicating the role of evaporation and evapotranspiration to increase sodium concentration (Sheikhy Narany et al. 2014 ). The electrical conductivity was higher in the major river confluence especially in Kuala Terengganu City, in the northern area, and Kemaman area in the southern part. The silicate weathering process was spatially profound in the center of the study area (Fig. 6d) .
Gibbs plots were utilized in this study to elucidate hydrochemical processes such as precipitation, rock-water interaction, and evaporation in groundwater chemistry (Nagarajan et al. 2010; Sheikhy Narany et al. 2014) . The chemical data of groundwater were plotted in Gibbs diagram (Fig. 7) , which consists ratios of Na + K/(Na + K + Ca) versus TDS and Cl/(Cl + HCO 3 ) versus TDS. All groundwater samples fell in rock dominance region suggesting groundwater chemistry were influenced by weathering process (Fig. 7a, b) . High concentration of HCO 3 and higher ratio of HCO 3 /(SO 4 / Cl) were also suggesting rock weathering as a major influence of groundwater chemistry as supported by several researchers (Arveti et al. 2011 ; Swarna Latha and Nageswara Rao 2012).
Saturation indices
Geochemistry of the groundwater influenced the interaction between the groundwater and surrounding rocks. The thermodynamic control on the groundwater arrangement can be Fig. 7 Gibbs plot. a Na+K/ (Na+K+Ca) versus TDS. b Cl/(Cl+HCO 3 ) versus TDS predicted using mineral equilibrium calculation of various minerals. The reactive mineralogy of the subsurface groundwater sample data could be forecasted by using saturation indices. The mineralogy could be analyzed using saturation indices without collecting the solid phase samples (Appelo and Postma 2004) . Geochemical program PHREEQC was used to calculate the saturation indices (SI) for groundwater samples (Parkhurst and Appelo 1999) , with the following equation:
where IAP is ion activity product and K is the equilibrium constant. The groundwater is in equilibrium when SI value equal to 0; groundwater is in supersaturated when SI > 0; and groundwater is undersaturated when SI < 0. Precipitation is required to achieve equilibrium when groundwater is supersaturated while dissolution is needed when groundwater is undersaturated. Groundwater samples were found to be in undersaturated with respect to anhydrite, aragonite, calcite, dolomite, fluorite, gypsum, and halite in the study area (Fig. 8) . This indicated that the aquifer matrix is undergoing dissolution by the groundwater as they flow thus influencing the water chemistry (Salifu et al. 2012) . The PHREEQC calculation results and saturation states of groundwater in the study area were reliable. It also reinforced the findings of recommended geochemical process that influencing the groundwater chemistry in the study area based on various ionic ratios results (Salifu et al. 2012 ).
Factor analysis
PCA was operated on 169 groundwater data sets to identify the latent factors that influence the variation of groundwater quality in Terengganu. The eigenvalue (>1), the percentage of variance, cumulative percentage of variance of the hydrochemical parameters, and the factor loading are presented in Table 4 . Six PCs were obtained with eigenvalues larger than 1 summing the totals of 63.59%, for the total variance in the data sets. The factor loadings were sorted according to the criteria as stated by Liu et al., 2003 by which strong, moderate, and weak loadings correspond to absolute loading values of >0.75, 0.75-0.50, and 0.50-0.30, respectively. Generally, components which load more than 0.6 are considered in the interpretation of data set as mentioned by Singh and Shashtri (2013) . Six principal components of groundwater data were obtained and then rotated according to the orthogonal varimax method, and their respective loadings are as follows: 25.92% by PC1, 12.36% by PC2, 10.06% by PC3, 5.36% by PC4, 5.27% by PC5, and 4.62% by PC6.
Factor 1 (F1) shows 25.92% of the total variance which featured strong positive loading of Na (0.904), HCO 3 (0.824), Cl (0.804), and SiO 2 (0.789). Meanwhile K (0.726), Sr (0.626), and EC (0.607) demonstrated moderate loading, respectively. These ions mostly associated with marine signature as it is preponderant in seawater indicating seawater intrusion into the shallow aquifer (Lin et al. 2012; Masoud 2014 ). Significant HCO 3 (0.824) concentration in the groundwater is due to the weathering of silicates, and it also denotes the recharge process. The weathering of bedrock minerals followed by leaching provides dissolved salt to groundwater, therefore causing surge in EC (Pathak et al. 2008) . Moderate loading of EC (0.607) supported the hypothesis of water-rock interaction due to the encroachment of seawater in to freshwater zones especially along the Terengganu river basin. Moderate strontium (0.626) loading is specifically incorporated in marine limestone, gypsum, and anhydrite during precipitation from seawater (Sahib et al. 2016) . The higher Sr value was observed in groundwater wells at Duyung Island, Bukit Jong and Sultan Zainal Abidin High School which situated along the banks of Terengganu River estuary. It is also dominant in Tasik area which is located near Marang River in the north; Bukit Mentok and Chukai Secondary School, both in Kemaman River estuary in the southern part of the study area (Fig. 9) . Most likely, the high strontium concentrations in the groundwater resulted from dissolution and dolomitization processes in carbonates of Permian limestone which outcrops locally in Kenyir Lake upstream of the Terengganu River catchment. In general, strontium was found to be less in fresh groundwater but more in brackish and saline waters such as estuary environment and coastal aquifers (Saxena et al. 2004 ). Spatially, F1 was more concentrated at major confluence especially in Terengganu and Marang River basin in northeast and Kemaman River basin in the southeast of the study area (Fig. 9) .
Factor 2 (F2) accounts for 14.70% of the total variance. The factor has high loading for CO 3 , NH 4 , Zn, and F while Ba shows moderate positive loading. The spatial distribution of F2 was concentrated in Kuala Terengganu in the northern part and Chukai towns in the south corners of the study area, which both serve as urban and industrial centers thus clearly show the evidence of anthropogenic activities (Fig. 9) . The presence of NH 4 and Zn signifies biodegradable organic pollutants and industrial effluent discharge through the release of organic and inorganic parameters such as agricultural activity (Giridharan et al. 2009; Stamatis et al. 2011; Belkhiri and Narany 2015) sewage sludge, and fossil fuel combustion (Praveena et al. 2010) . Extensive urbanization with improper domestic sewage systems in the area's unconfined aquifers could lead to infiltration of wastewater originating from surface contaminations sources, thus linked to high concentrations of F and Ba (Li et al. 2012 and Masoud 2014) .
Factor 3 explains 10.06% of the variance with moderate loading of Mg (0.710), Mn (0.700), and Ca (0.615) ions which (Fig. 9) . Factor 4 had 9.23% of the total variance and includes high loading for Fe (0.839) and turbidity (0.820). Turbidity level increases as suspended solids surge in the water resulting in murkier condition (Mustapha and Aris 2012a) . The strong loading on Fe and turbidity concentrated mostly in water samples taken from well located at Marang town area. High Fe concentration in the groundwater samples originated during geogenic process from water-rock interaction. Iron oxide in the form of ferric oxides and oxyhydroxides such as hematite (Fe 2 O 3 ) or goethite (FeO(OH)) could possibly leach out as dissolved Fe (Aris et al. 2007 ). Besides, current mining operation of primary iron deposits together with their oxidized portions (Sultan and Shazili 2009 ) using open-cast method in the study area proved the said interaction (Venugopal et al. 2008) .
Factor 5 had moderate loading on phosphate (0.737) and pH (0.699) and explained 5.27% of the total variance. Phosphate originated in soil due to the use of phosphate Fig. 9 Spatial distribution of factors in the study area fertilizers in agriculture practices in palm oil plantations (Mustapha and Aris 2012b; Giridharan et al. 2009 ) and industrial activities such as food industries and from manufacturing phosphates and phosphoric acid (Saghravani et al. 2009 ).
Factor 6 had strong loading on temperature (0.788) and explained 4.62% of the total variance. High temperature from the sea to the aquifer as the result of seawater intrusion can rise the groundwater temperature (Abdullah et al. 2008; Aris et al. 2011) .
Hence, the dominant hydrogeochemical process of the study area can be summarized as salinization, anthropogenic activities, reverse ion exchange, weathering processes, agricultural impact, and seasonal. Based on the above statistical observations, these six major hydrogeochemical parameters were identified to govern 63% of the region's geochemistry. The remaining 37% of the processes with eigenvalues <1 are also considered for discussion. Generally, PCA has been able to conclude factor loadings that influence the groundwater chemistry in Terengganu. Therefore, restricted groundwater management is required based on the findings, to minimize the impact of anthropogenic pollution as well as domestic and agricultural consumption.
Conclusions
The integration of geochemical methods, multivariate statistical analysis, and geostatistical approaches were applied to elucidate the regional factors and processes that are influencing the geochemical composition of groundwater in coastal shallow aquifer of Terengganu.
In general, the groundwater is mildly acidic to alkaline in nature due to heavy rainfall received annually. Ca, Mg, and Na ions dominated the hydrochemistry of the groundwater in cationic concentrations, while HCO 3 and Cl ions lead in anionic abundances.
Groundwater was undersaturated with respect to anhydrite, aragonite, calcite, dolomite, fluorite, gypsum, and halite thus capable of dissolving the aquifer matrix. The abundance of Ca and Mg was contributed by carbonate and silicate weathering while higher HCO 3 and Cl were resulted from reverse ion exchange reaction. The dominant hydrogeochemical facies of groundwater was Ca-Mg-HCO 3 -Cl type, where Cl is the dominant ion propably cause by saline intrusion. The influence of salinization resulting from seawater mixing to the groundwater was corroborated by Cl/HCO 3 ratio. It is found that half (50.9%) of the groundwater samples were slightly or moderately affected by salinization. This finding would thus position the groundwater system in the study area under the threat of salinization mostly by seawater intrusion. The threat of sea water intrusion was prominent in the major river confluence especially around Terengganu and Marang River in the northeast and Dungun and Kemaman River confluence in southeast of study area. Mapping of factor score (F1), which represented salinity also highlighted the same area. However, unaltered groundwater or freshwater constituted about 49.1% of the water samples which is located in the southern part of the study area especially in interior parts of Kemaman district.
Factor analysis showed that salinization, anthropogenic activities, reverses ion exchange, weathering processes, agricultural impact, and seasonal were the factors that regulate 63% of the major ion chemistry in study area.
Finally, these findings showed the importance of understanding the hydrochemical characteristics for effective utilization, aquifer protection, and prediction of changes to minimize the effects of salinization, human pollution from anthropogenic activities such as agriculture and urbanization, and natural weathering processes. It is an essential step in order to safeguard the utilization of groundwater resources for future generations.
